Water -the solvent of life -plays an important role in biological assembly and organization. Folding of proteins, formation of micelles and membranes, and molecular recognition in biological systems are all 'water-mediated' processes, in which molecular structure and organization of water can drive thermodynamics and guide the mechanics of assembly. However, understanding the molecular details of mediation of biological interactions by water has remained a significant challenge. Here I will focus on one central piece of this challenge, namely that of characterizing the hydration of chemically heterogeneous nanoscale interfaces of proteins from a molecular perspective.
Our new perspective using theory and atomistic simulations connects the molecular behavior of water -specifically, its nanoscale density fluctuations -to hydrophobicity or philicity of complex interfaces, and in turn, their water-mediated interactions. This new view has enabled mapping of surfaces of complex proteins from the hydration and interactions perspective. It has also revealed new aspects of biological interactions, such as the context dependence of solvation and interactions, and the role of hydration in biological function. This approach, when extended to study solvation near extended hydrophobic interfaces, such as the air-water interface, shows how water-mediated interactions between hydrophobic solutes or between ions, and the corresponding self-assembly, and aggregation phenomena at interfaces can be dramatically different from those in the bulk, suggesting soft air-water interfaces as a platform for new types of assembly. 
